Although many attempts have been made to predict the occurrence of lymph node metastases from papillary thyroid carcinoma, there are currently no reliable means to accurately predict cervical nodal metastasis. In this study, we present a novel prediction system for the lymph node metastasis based on the histological and cyclin D1 staining features. The frequency of lymph node metastases from a series of 210 papillary thyroid carcinomas was analyzed according to the clinicopathological variables, cyclin D1 staining patterns and BRAF V600E mutation in tumor tissue. A total of 113 (54%) patients had lymph node metastasis. Cyclin D1 was constantly expressed at the invasive tumor front and revealed well-defined isolated glands of tumor cells in the extratumoral region (isolated glands) and laterally spreading tubular growth along the fibrous septa around the invasive front of the tumor (lateral tubular growth). Upon univariate analysis, an age of less than 45 years (Po0.001), tumor size of 10 mm or more (Po0.001), non-follicular variant (P ¼ 0.005), invasive growth pattern (P ¼ 0.007), extrathyroid extension (P ¼ 0.006), isolated glands (Po0.001), lateral tubular growth (Po0.001) and tumor multiplicity (P ¼ 0.005) predicted lymph node metastasis, whereas BRAF V600E mutation did not. Upon multivariate analysis, age (P ¼ 0.001, odds ratio (OR) ¼ 5.146), tumor size (P ¼ 0.034, OR ¼ 3.119), isolated glands (Po0.001, OR ¼ 21.042) and lateral tubular growth (Po0.001, OR ¼ 24.652) were found to be strong independent predictors of lymph node metastasis. Cyclin D1 staining of papillary thyroid carcinoma is very useful for identifying the intrathyroidal spreading or multifocality of the tumors. Tumor growth patterns verified by cyclin D1 staining can be used for the identification of papillary thyroid carcinomas with metastatic potential.
The incidence of thyroid cancer has been rapidly increasing in Korea. Specifically, the age-standardized incidence rate of thyroid cancer increased from 7.2 per 100 000 in 1999 to 23.8 per 100 000 in 2005 and the annual percentage change was 24.8%. 1 Papillary thyroid carcinoma is the most common type of thyroid malignancy and accounts for about 65-88% of all thyroid cancers in the United States. 2 However, in Korea, papillary thyroid carcinoma accounts for up to 95% of thyroid cancers. 3 Papillary thyroid carcinoma tends to metastasize to the cervical lymph nodes during the early stages of the disease. 4, 5 Cervical lymph node metastases are found in 30-90% of patients at the time of diagnosis. 5 Nodal metastases increase the risk of loco-regional recurrence and cancer-specific mortality in older patients (445 years) and distant metastases. 5, 6 Therefore, reliable prognostic factors are needed to assess the risks of lymph node metastases in papillary thyroid carcinoma patients and adapt the initial therapy and follow-up schemes.
Cyclin D1 is frequently overexpressed in thyroid cancer, but not expressed in normal thyroid follicular cells. 7, 8 Overexpression of cyclin D1 has been identified as an independent risk of lymph node metastasis in papillary thyroid carcinoma. 7, 8 However, Ito et al 9 could not identify any association between high cyclin D1 expression and lymph node metastasis in papillary thyroid microcarcinoma. In some studies, cyclin D1 expression was not an independent predictive factor for lymph node metastasis during multivariate analysis, although it has been found to be associated with lymph node metastasis in univariate analysis. 10, 11 BRAF V600E mutation has frequently been detected in papillary thyroid carcinoma, but has not been identified in benign thyroid lesions. 12, 13 In Korea, the prevalence of the BRAF V600E mutation accounts for up to 87% of all cases of papillary thyroid carcinoma.
3, 14 Xing et al 13 included 28 studies in a comprehensive meta-analysis and identified a significant association of BRAF V600E mutation with lymph node metastasis (odds ratio (OR) ¼ 1.83; 95% confidence interval ¼ 1.58-2.13). However, another meta-analysis showed no association between lymph node metastasis and BRAF V600E mutation (OR ¼ 1.500; 95% confidence interval ¼ 0.99-2.27). In Korean patients, BRAF V600E mutation was not associated with lymph node metastasis. 11, 15, 16 Thus, additional studies are necessary to investigate the clinicopathological significance of the BRAF V600E mutation in a larger series of papillary thyroid carcinomas.
This study was conducted to investigate the predictive factors for lymph node metastasis in patients with papillary thyroid carcinoma by analyzing clinicopathological parameters, cyclin D1 staining patterns and BRAF V600E mutation status.
Materials and methods
This study was approved by the Institutional Review Board of Seoul, St Mary's Hospital, the Catholic University of Korea (approval number: KC09EISI0355).
Patients
A total of 210 patients (174 females and 36 males) who underwent total thyroidectomy and neck lymph node dissection for papillary thyroid carcinoma at Seoul St Mary's Hospital between October 2008 and June 2009 were retrospectively analyzed. All patients were diagnosed with papillary thyroid carcinoma preoperatively by fine needle aspiration cytology or intraoperatively on the basis of frozen tissue sections. There was no history of radiation exposure in any patients. The age of the patients at the time of surgery ranged from 22 to 75 years (mean 48 years). In cases with multiple tumor foci, the largest tumors were regarded as the primary lesions. All specimens were collected from patients after informed consent had been obtained in accordance with the institutional guidelines of our hospital.
Immunohistochemistry
Immunostaining was conducted on 4-mm-thick sections of formalin-fixed, paraffin-embedded tissue blocks at the plane of the largest dimension of the tumor. Slides were placed in a 601C oven for 1 h and then deparaffinized in xylene and rehydrated through graded ethanol to water. Antigen retrieval was performed using 0.01 M citrate buffer (pH 6.0) by heating the sample in a microwave vacuum histoprocessor (RHS-1, Milestone, Bergamo, Italy) at a controlled final temperature of 1211C for 15 min. The endogenous peroxidase activity was then blocked by incubating the slides in 3% hydrogen peroxide in methanol for 10 min. Slides were then placed in an automated immunohistochemical stainer (Lab Vision Autostainer LV-1; LabVision/ Neomarkers, Fremont, CA, USA) for use with immunohistochemistry and incubated for 30 min with cyclin D1 rabbit monoclonal antibody (Clone SP4, 1:100, Thermo Scientific, Fremont, CA, USA). The primary antibody was diluted in DAKO Antibody Diluent (DAKO, Carpinteria, CA, USA) with background-reducing components. Next, they were detected using the Envision Plus System (DAKO).
The immunoreaction was developed with diaminobenzidine (DAKO) for 5 min, after which it was counterstained with hematoxylin. Sections of a mantle cell lymphoma were used as a positive control in all staining runs. As a negative control, slides were stained without the primary antibody. Nuclear cyclin D1 staining was considered to be a positive result. Because all tumors that expressed cyclin D1 showed moderate-to-strong nuclear staining intensity, we only graded the distribution of positive tumor cells in tumors as follows: grade 1, 1-10%; grade 2, 11-25%; grade 3, 26-50%; grade 4, 51-75%; grade 5, 76-100%.
Genomic DNA Extraction from Tumor Tissue
Genomic DNA was extracted from two 10-mm-thick paraffin sections containing a representative portion of each tumor block using the QIAamp DNA Mini kit (Qiagen, Hilden, Germany). Neoplastic areas were manually microdissected from the tissue sections.
Sequencing of Exon 15 of the BRAF Gene
A 224-bp fragment of exon 15 of the BRAF gene was amplified by polymerase chain reaction (PCR) using the forward primer (5 0 -TCATAATGCTTGCTCTGA TAGG-3 0 ) and reverse primer (5 0 -GGCCAAAAATT TAATCAGTGGA-3 0 ). The PCR conditions were as follows: 35 cycles of 30 s at 941C, 30 s at 551C and 30 s at 721C. Water was used instead of template DNA for a negative control. The PCR products were then evaluated by 2% agarose gel electrophoresis, after which they were extracted from the gels and purified using a HiYieldTMGel/PCR DNA Extraction Kit (RBC bioscience, Taipei, Taiwan). The purified PCR products were processed for the DNA sequencing reaction using the ABI-PRISM BigDye Terminator version 3.1 (Applied Biosystems, Foster, CA, USA) according to manufacturers' protocol. Sequencing was performed in both directions using the same primers used for PCR. Sequencing reactions were performed with 25 cycles for 10 s at 961C, 5 s at 501C, and 4 min at 601C. Sequence data were generated using the ABI PRISM 3100 DNA Analyzer (Applied Biosystems) and the sequences were then analyzed and compared using the Sequencer 3.1.1. software (Applied Biosystems).
Statistical Analysis
A w 2 or Fisher's exact test was used to analyze the relationships of lymph node metastasis status with each predictive factor. Factors independently associated with a risk of nodal metastasis were tested by means of stepwise logistic regression analysis. A P-value of less than 0.05 was considered to be statistically significant. All the calculations were performed using the statistical software package SPSS (version 13.0 SPSS Inc., Chicago, IL, USA).
Results
Of 210 patients with papillary thyroid carcinomas, 147 (70%) had small papillary carcinomas r10 mm (papillary thyroid microcarcinoma). Of the 210 papillary thyroid carcinoma patients, the proportions of lymph node metastases were 54 and 6% in the central and lateral compartments, respectively. There was no skip metastasis, which was defined as lateral lymph node metastasis in the absence of central lymph node metastasis. Of the 147 papillary thyroid microcarcinoma patients, the rate of lymph node metastases was 44 and 3% in the central and lateral compartments, respectively.
Cyclin D1 was constantly expressed as an invasive tumor front, although the percentage of cyclin D1-positive tumor cells varied greatly in the whole tissue sections of the 210 papillary thyroid carcinoma cases (grade 1, 1.4%; grade 2, 11.4%; grade 3, 11.0%; grade 4, 9.5%; grade 5, 66.7%). Normalappearing follicular epithelial cells were negative for cyclin D1. Hü rthle cells were occasionally positive for cyclin D1 in lymphocytic thyroiditis; however, the staining intensity was weaker than in papillary thyroid carcinoma cells and the distribution of staining was not diffuse, but focal. The tumor cells showing strong nuclear expression of cyclin D1 were also positive in the cytoplasm, whereas the cytoplasmic expression was never observed in nonneoplastic cells (Figure 1 ). Therefore, we could define the exact extent of tumor spread using the cyclin D1 staining to detect the outer margins of the tumor. The consistent immunostaining for cyclin D1 at the invasive front revealed a laterally spreading tubular growth along the fibrous septa around the invasive front of the tumor (lateral tubular growth, Figure 1 ) and individual isolated glands of tumor cells in the extra-tumoral region (isolated glands, Figure 2 ). We defined the isolated glands as individual glands of papillary thyroid carcinoma cells found in areas a minimum of 500 mm apart from the primary tumor. Although the growth patterns of lateral tubular growth and isolated glands were easily identified in cyclin D1 immunostained slides, they were very difficult to detect in routine hematoxylin-eosin-stained slides.
The BRAF V600E mutation was observed in 162 of 210 (77%) patients with papillary thyroid carcinoma ( Table 1) .
Univariate Analysis
Papillary thyroid carcinomas with lymph node metastases were characterized by an age of less than 45 years (Po0.001), large tumor size (410 mm, Po0.001), non-follicular variant (P ¼ 0.005), invasive growth pattern (P ¼ 0.007), isolated glands (Po0.001), lateral tubular growth (Po0.001), extrathyroid extension (P ¼ 0.006) and multifocality (P ¼ 0.005) ( Table 1 ). In addition, we analyzed the relationship between the clinicopathological parameters and lymph node metastasis in 147 papillary thyroid microcarcinomas. The patients were divided into two groups with a cutoff point of 0.5 cm according to the tumor size of the papillary thyroid microcarcinoma. A young age (o45 years, Po0.001), invasive growth pattern (P ¼ 0.001), isolated glands (Po0.001), lateral tubular growth (Po0.001) and multifocality (P ¼ 0.005) were more frequently observed in papillary thyroid microcarcinoma with lymph node metastasis than those without lymph node metastasis ( Table 2) . There was no significant relationship between BRAF V600E mutation and lymph node metastasis in papillary thyroid carcinoma or papillary thyroid microcarcinoma.
The presence of a BRAF V600E mutation was significantly associated with extrathyroid extension (P ¼ 0.007) and a lower frequency of concurrent Hashimoto thyroiditis (P ¼ 0.023); however, other clinicopathological parameters were not related to the mutation (Table 3) .
Multivariate Analysis
To identify independent predictors of lymph node metastases in papillary thyroid carcinoma, multivariate analysis using stepwise logistic regression was conducted on parameters shown to be significant upon univariate analysis. Of the 210 papillary thyroid carcinomas, young age (o45 years, (Table 4 ). In the 147 papillary thyroid microcarcinomas, young age (o45 years, P ¼ 0.001, OR ¼ 6.353), isolated glands (Po0.001, OR ¼ 17.937) and lateral tubular growth (Po0.001, OR ¼ 25.729) were independent predictors of lymph node metastasis (Table 5 ).
Discussion
We demonstrated that the rate of lymph node metastasis was independently related to the age, tumor size and unique tumor growth patterns verified by cyclin D1 staining in a series of 210 papillary thyroid carcinomas, including 147 papillary thyroid microcarcinomas.
Upon multivariate analysis of the clinicopathological risk factors, lymph node metastasis was more common among patients younger than age 45 years. This finding is consistent with the results of a previous study conducted by Machens et al. 17 Papillary thyroid carcinomas frequently present with multifocal tumors in up to 80% of patients; 18 however, there is currently debate about whether tumor multifocality in papillary thyroid carcinoma represents intraglandular spread of a single tumor or de novo occurrence of distinct tumors. In this study of 210 papillary thyroid carcinomas, tumor multifocality was found to be more common with increasing tumor size (o5 mm, 9%; 5-10 mm, 34%; 410 mm, 46%; P ¼ 0.007) and associated with lymph node metastasis upon univariate analysis (P ¼ 0.007), but not by multivariate analysis. These results suggest that multifocality may occur during the progression or spread of papillary thyroid carcinoma and represent intraglandular dissemination of the primary tumor, at least in some cases. A recent study showed that among papillary thyroid microcarcinomas with multiple tumor foci, 83% had genetic alterations consistent with monoclonal origin based on genome-wide allelotyping and BRAF mutation analysis. 18 The authors also suggested that papillary thyroid microcarcinomas were most often monoclonally derived and that multiple foci developed through the intraglandular spread of an original tumor.
All of the tumors chosen for this study were cyclin D1 positive and these results are consistent with a previous study conducted by Saiz et al. 19 Overexpression of cyclin D1 has been identified as a predictor of lymph node metastasis in papillary thyroid carcinoma; 7, 8, 10 however, we found no significant correlation between its overexpression (more than 25% of positively staining tumor cells) and lymph node metastasis (P ¼ 0.061). The isolated glands, which are defined as individual glands of papillary thyroid carcinoma cells found in the extra-tumoral region, are distinctive histological features of papillary thyroid carcinoma and should not be confused with the tumor multifocal foci. Isolated glands are composed of a lumen lined by a row of papillary carcinoma cells and can be detected by cyclin D1 immunohistochemical staining. The lateral tubular growth is defined as a laterally spreading tubular growth along the fibrous septa around the invasive front of the tumor. Although invasive-type papillary thyroid carcinomas showed more frequent lateral tubular growth than expansive-type papillary thyroid carcinomas (P ¼ 0.010), lateral tubular growth does not indicate an invasive growth pattern. Indeed, lateral tubular growth can be found in thick encapsulated papillary thyroid carcinomas. Thyroid gland has a rich network of intraglandular lymphatics that intercommunicate between lobes through the isthmus and drain to the cervical lymph nodes. 4 Intraglandular metastasis and cervical lymph node metastasis occur through these rich lymphatic networks. Multivariate analysis showed isolated glands and lateral tubular growth to be independent risk factors for lymph node metastasis. To determine if isolated glands and lateral tubular growth represented the lymphatic invasion of tumor cells, we used D2-40 immunostaining to identify lymphatic vessels. D2-40 staining revealed that isolated glands were not found in lymphatic spaces, but lateral tubular growth was found within lymphatic vessels in only some cases (data not shown).
Our predictive system may be a useful predictive tool in clinical practice. For example, when thyroid lobectomy alone was conducted for the treatment of small, low-risk, isolated, intrathyroidal papillary carcinomas, our predictive system may predict the risk of cervical nodal metastasis, and the lymph node status will then influence patient treatment decision-making.
We found that the BRAF V600E mutation was detected in 77% of Korean patients with papillary thyroid carcinoma. However, the mutation was not significantly associated with age at diagnosis, gender, tumor size, tumor growth pattern, follicular variant, multifocality or lymph node metastasis. These findings are consistent with those of a previous study in which the mutation was not associated with poor prognostic factors in Korean patients with papillary thyroid carcinoma. 15 In Korea, BRAF V600E mutation has been detected at a greater frequency in papillary thyroid carcinoma without concurrent Hashimoto thyroiditis than in papillary thyroid carcinoma with Hashimoto thyroiditis. 20, 21 In this study, the mutation was found in 10 (56%) of 18 patients with background Hashimoto thyroiditis, but in 152 (79%) of 192 patients without Hashimoto thyroiditis (Table 3) . To establish the correlation between Hashimoto thyroiditis, papillary thyroid carcinoma and BRAF V600E mutation, it is necessary to study as many cases of coexistent Hashimoto thyroiditis with papillary thyroid carcinoma as possible.
In summary, we found that cyclin D1 staining could define the exact extent of tumor spread that was used for identifying isolated glands and lateral tubular growth. These growth patterns were novel independent predictors of lymph node metastasis in papillary thyroid carcinoma. The results produced here may be useful during progress assessment and contribute to the design of an appropriate treatment for individual patients.
